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1.0  SUMMARY 


The  U.S.  Army  XV-5A  Lift  Fan  Research  Aircraft  was  subjected  to  ground 
tests  in  the  summer  and  fall  of  1963  for  evaluation  of  aircraft  characteris¬ 
tics  complementary  to  the  flutter  and  vibration  analyses  conducted  on  the 
XV-5A  aircraft.  In  general,  the  outline  as  presented  in  Reference  1 
"Ground  Resonance  Test  Plan,  U.S.  Army  XV-5A  Lift  Fan  Research 
Aircraft"  was  followed  with  several  items  omitted  due  to  time  restrictions. 

The  basic  item,  that  of  the  airplane  ground  vibration  test,  was  completed 
in  late  1963  and  these  results  are  summarized  below.  The  configuration 
of  the  XV-5A  aircraft  tested  represented  the  aircraft  in  its  conventional 
flight  mode  with  a  gross  weight  of  approximately  9,  700  pounds  (c.  g.  at 
F.S.  243.  5).  Both  symmetric  and  antisymmetric  modes  of  the  aircraft 
were  determined.  Although  the  modes  have  been  classified  as  airplane 
normal  modes,  each  mode  exhibits  a  predominant  motion  of  one  or  more 
aircraft  components  i.e.  wing,  fuselage,  horizontal  and  vertical  stabilizers 
and  control  surfaces. 


SYMMETRIC  AIRPLANE  MODES 


MODE 

NO. 

FREQUENCY 

(cps) 

DAMPING  (g) 

PREDOMINANT 

MODAL  CHARACTERISTIC 

1 

11.  2 

0.040 

Wing  Bending 

2 

14.  1 

0.  044 

1st  Fuselage  Bending 

3 

21.4 

0.  106 

2nd  Fuselage  Bending 

4 

29.4 

0.  124 

Wing  and  Fan  Mode 

5 

31.  3 

0.031 

Horizontal  Stabilizer  Bending 

6 

36.3 

0.037 

Aileron  Rotation 

7 

44.  7 

0.  008 

Wing  Torsion 

8 

55.9 

0.033 

Horizontal  Stab.  Pitch  and  Torsion 

9 

67.  8 

0.  031 

Higher  Wing  Mode 

10 

90.3 

0.031 

Elevator  Bending 

ANTISYMMETRIC  AIRPLANE  MODES 

MODE 

FREQUENCY 

DAMPING  (g) 

PREDOMINANT 

NO. 

(cps) 

MODAL  CHARACTERISTIC 

1 

8.  8 

0.  030 

Vertical  Stabilizer  Bending 

2 

11.  9 

0.045 

Horizontal  Stabilizer  Yaw- 

Vertical  Stabilizer  Torsion 
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ANTISYMMETRIC  AIRPLANE  MODES  (Continued) 


MODE 

NO. 

FREQUENCY 

(cps) 

DAMPING  (g) 

PREDOMINANT 

MODAL  CHARACTERISTIC 

3 

14.  5 

0.023 

Horizontal  Stabilizer  Roll  -  1st 
Fuselage  Bending 

4 

18.  5 

0.046 

Wing  Bending 

5 

23.0 

0.019 

2nd  Fuselage  Bending 

6 

25.3 

0.046 

Fuselage  Torsion 

7 

34.  8 

0.040 

Fuselage  Torsion  (Forebody) 

8 

36.  8 

0.058 

Aileron  Rotation 

9 

44.6 

0.063 

Wing  Torsion 

10 

50.  6 

0.033 

Rudder  Bending  - 
Fuselage  Torsion 

11 

72.9 

0.025 

Horizontal  Stabilizer  Torsion 

2.0  INTRODUCT 


This  report  contains  the  results  of  t  oriental  investigation  of  the 

static  and  dynamic  characteristics  ot  .e  l) . j .  Army  XV-5A  Lift  Fan 
Research  Aircraft  as  pertaining  to  the  flutter  and  vibration  effort  on  the 
XV-5A  aircraft.  The  general  arrangement  of  the  aircraft  tested  is  shown 
in  Figure  1.  The  XV-5A  is  a  V/STOL  aircraft  designed  for  research 
flight  testing  of  the  General  Electric  X353-5  Lift  Fan  Propulsion  System. 


The  report  is  divided  into  three  basic  parts  plus  an  addendum;  the  basic 
parts  following  in  general  the  test  plan  as  outlined  in  Reference  1,  (i.e., 
Airp lane  Resonances ,  Component  Resonances  and  Component  Static  tests)  while 
the  addendum  presents  the  results,  in  terms  of  airplane  resonances 
(normal  modes)  of  structural  modifications  to  the  empennage  required 
for  flutter  prevention.  The  modes  presented  in  the  addendum  are 
representative  of  the  current  aircraft  and  thereby  void  their  equi¬ 
valents  presented  in  the  main  body  of  the  report.  All  the  other  modes 
presented  were  not  affected  by  the  structural  change  and  therefore  are 
representative  of  the  current  aircraft. 


The  aircraft  considered  for  the  airplane  resonant  test  phase  was  Aircraft 
No.  2,  S/N  506  in  its  design  gross  weight  condition  of  approximately  9,700 
pounds  (partial  fuel).  The  dynamic  system  was  in  essence  a  free-free 
aircraft  with  control  surfaces  free,  but  with  cockpit  controls  locked  in 
neutral  (aileron  flight  tabs  and  rudder  trim  tab  were  locked  to  their 
respective  parent  surface). 


Components  considered  for  the  second  phase  of  the  testing  were  all  of  the 
control  surfaces  (conventional  flight  mode),  wing  fan  doors,  pitch  fan 
doors,  wing  flaps  and  thrust  spoilers.  These  latter  items  were  tested 
as  installed  on  the  aircraft  (No.  1  aircraft,  S/N  505)  whereas  the 
testing  of  the  horizontal  stabilizer  was  limited  to  a  Jig-mounted 
stabilizer  with  a  simulated  pivotal  joint. 

Static  testing,  i.e.,  free  play  and  rotational  stiffness  tests,  were 
confined  to  the  horizontal  stabilizer  mounted  in  the  above  mentioned 
jig- 
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Evaluation  of  structural  modifications  to  the  empennage  (presented  In  the 
addendum)  was  conducted  on  Aircraft  No.  1,  S/N  505  for  the  same  aircraft 
configuration  as  for  the  basic  airplane  resonant  test,  with  the  exception  of 
the  suspension  system  for  which  in  the  latter  tests  were  the  actual  landing 
gear  with  partially  deflected  tires  and  locked  nose  wheel  struts. 


3.0  AIRPLANE  RESONANCE  TEST 


The  initial  ground  vibration  test  of  the  XV- 5A  aircraft  was  conducted  at 
the  Ryan  Aeronautical  Company's  plant,  San  Diego,  California  during  the 
period  of  30  September,  1963  to  27  October,  1963. 

3.  1  TEST  CONFIGURATION 

The  aircraft  configuration  consisted  of  a  complete  aircraft  (No.  2,  S/N 
62-4506),  fueled  for  a  gross  weight  condition  of  9,  700  pounds  with  a  c.g. 
location  of  F.S.  243.5.  All  flight  instrumentation  was  either  installed 
or  simulated  by  dummy  weights  as  was  pilot  simulation.  Electrical 
power  and  hydraulic  system  power  were  supplied  by  external  means.  The 
aircraft  was  aligned  in  a  level  flight  attitude  simulating  the  CTOL  mode, 
with  all  controls  locked  in  neutral  by  means  of  the  appropriate  cockpit 
control.  The  aircraft  was  in  a  clean  state,  i.e.  all  other  auxiliary  devices 
such  as  flaps,  thrust  poilers,  wing  fan  louvers,  etc.  were  fully  retracted. 
Wing  and  pitch  lift  fans  were  blocked  to  their  stator,  blades  by  means  of 
shock  cord  for  the  initial  test. 

The  airplane  was  suspended  to  simulate  a  free-flight  condition  by  means 
of  spring-mounted  platforms  at  the  main  and  nose  gear  CTOL  positions. 
Figure  2  shows  the  airplane  on  its  suspension  system  undergoing  final 
preparation  before  commencement  of  testing,  whereas  Figure  3  pre¬ 
sents  details  of  the  airplane  suspension  system. 

3 ,  2  TEST  EQUIPMENT  AND  INS',  .TATION 

Excitation  of  the  aircraft  was  provided  by  eight  electromagnetic  shakers 
mounted  at  various  locations  on  the  aircraft  as  shown  in  Figure  4. 

Various  combinations  of  shakers,  up  to  the  maximum  of  eight,  were  used 
for  modal  surveys  as  will  be  discussed  later.  Resonant  frequencies  and 
modal  surveys  were  established  from  the  recorded  output  of  accelerometers 
located  throughout  the  aircraft,  the  pickup  locations  being  shown  in  Figures 
5  &  6  for  the  symmetric  and  antisymmetric  test  phase  of  the  air¬ 
plane  resonance  test.  Control  surface  motion  was  detected  by  means 
of  strain-gaged  beams  in  addition  to  accelerometer  outputs.  Figures  7 
through  9  present  the  location  of  the  control  surface  points  at  which 
measurements  were  taken,  while  Figures  5  and  6  show  the  location  of 
the  strain-gaged  beams.  Table  1  lists  the  test  equipment  and  instrumen¬ 
tation  utilized  in  the  test. 


3.3 


GENERAL  TEST  PROCEDURE 


Both  symmetric  and  antisymmetric  resonances  were  investigated  in  a 
similar  manner  and  differed  only  by  the  sense  of  application  of  shaker 
forces.  The  resonant  frequencies  of  the  aircraft  were  established  from 
the  recorded  output  of  certain  fixed  accelerometers  as  indicated  in 
Figures  5  and  6.  These  resonant  frequencies  were  selected  on  the  basis 
of  response  studies  of  various  shaker  combinations  under  different  force 
inputs.  Frequency  sweeps  for  each  main  component  of  the  aircraft  (i.e. 
wing,  fuselage,  horizontal  and  vertical  stabilizers)  were  made  under 
different  loading  conditions.  The  response  of  the  aircraft  from  one  of 
the  fixed  accelerometers  at  one  of  the  drive  points  plus  selected  accelero¬ 
meter  outputs  from  the  fuselage  and  horizontal  stabilizer  in  the  case  of 
a  symmetric  sweep  and  wing  excitation  and  from  the  horizontal  and  vertical 
stabilizers  in  the  case  of  antisymmetric  sweeps  and  wing  excitation,  were 
utilized  in  establishing  the  resonant  conditions.  Table  2  lists  the  shaker 
combinations  and  selected  accelerometer  outputs  displayed  on  the  response 
plot  (X-Y  recorders).  Establishment  of  the  airplane  resonant  frequencies 
was  through  a  study  of  the  abovementioned  response  plots,  deliberate 
tuning  to  the  particular  mode  with  the  best  shaker  combination  for  that 
component,  as  shown  by  the  response,  study  of  the  decay  characteristics 
of  the  structure  upon  excitation  cutoff  and  visual  monitoring  of  the  mode. 
Having  established  the  resonances,  tuning  to  a  particular  resonance  for 
modal  surveys  attempted  to  follow  the  procedure  as  discuss. d  in  Reference 
2.  Although  not  followed  completely,  the  technique  of  observing  force- 
velocity  phasing  (through  caliberated  strain-gaged  links  between  aircraft 
and  shaker  coil)  as  discussed  in  Reference  2,  allowed  utilization  of 
available  exciters.  The  mode  shapes  for  the  particular  resonant  con¬ 
dition  were  established  by  utilizing  a  battery  of  roving  pickups  (accelero¬ 
meters)  with  measurements  made  at  the  pickup  locations  as  shown  in 
Figures  5  through  9.  In  addition  to  measurements  taken  at  these  points, 
measurements  of  suspension  system  platforms  in  the  coordinate  directions 
were  also  made.  Measurements  were  recorded  in  terms  of  voltages  with 
phasing,  with  reference  to  a  master  pickup  determined  from  oscilloscopes. 
In  addition  to  these  readings,  oscillograph  recordings  were  made  for  each 
measurement  for  damping  and  frequency  determination,  in  addition  to 
the  post- vibration-test  scanning  of  doubtful  areas. 

3.4  RESULTS  AND  CONCLUSIONS 

Initial  testing  of  the  airplane  on  its  suspension  system  yielded  the  following 
airplane  rigid  body  modes: 


Vertical  Translation 
Side  Translation 


2. 2  cps 
1 . 9  cps 


Fore  and  Aft  Translation  0.7  eps 

Pitch  1.  7  cps 

Roll  2.  2  cps 

Yaw  0.  7  cps 


Excitation  for  the  above  modes  was  by  shaker  or  hand  -  forcing  with 
response  monitored  by  accelerometers  (Statham)  located  at  several  points 
on  the  aircraft. 

Following  establishment  of  the  resonant  frequencies  for  both  the  symmetric 
and  antisymmetric  ease,  complete  modal  surveys  of  the  aircraft  were  made 
utilizing  a  battery  of  roving  accelerometers  (Endeveo)  as  mentioned  prev¬ 
iously.  Examination  of  the  resulting  mode  shapes,  when  plotted  against 
major  structural  elements,  (for  example,  deflection  along  the  wing  rear  spar 
versus  butt-line)  indicated  inconsistencies  among  data  points  in  a  number  of 
cases.  Assuming  errors  in  voltmeter  readings,  the  oscillograph  recordings 
were  reduced  to  reflect  the  deflection  relative  to  the  voltage  reading  at  a 
reference  point  and  plotted.  To  determine  the  final  mode  shape,  the  indiv¬ 
idual  plots,  if  necessary,  were  smoothed  by  the  method  of  least  squares 
utilizing  best  fit  data  (voltmeter  or  oscillograph  readings).  The  smoothed 
plot  was  then  further  scrutinized  for  continuity  at  major  structural  inter¬ 
sections  mid  refitted  or  faired,  if  necessary,  to  obtain  continuity.  A  major 
reason  for  inconsistencies  among  mode  shapes  was  the  inability  of  main¬ 
taining  calibration  among  the  battery  of  five  accelerometers  used  for  modal 
surveys.  Preliminary  node  line  sketches,  taken  during  mode  set-up,  aided 
in  establishing  the  deflection  shapes  of  each  mode. 

A  summary  of  the  resonant  frequencies  and  the  predominant  nature  of  the 
mode  is  given  in  Table  3.  The  normalized  displacements  of  the  symmetric 
modes  are  presented  in  Tallies  4  through  13  and  ~e  shown  in  pictorial  form 
in  figures  10  through  10.  The  fuselage  readings  for  the  antisymmetric 
case  were  reduced  to  reflect  the  linear  and  angular  displacements  about 
W.  L.  100.  Similar  results  for  the  antisymmetric  modes  are  shown  in 
Tables  14  through  24  and  in  Figures  20  through  30.  Structural  damping 
coefficients  (gj  for  each  mode  are  also  presented  in  Table  3,  with  these 
values  determined  from  the  modal  decay  oscillograph  recording  of  the  dom¬ 
inant  pickup  location  for  the  predominant  component  of  the  airplane. 

The  predominant  modes  of  interest  in  an  analysis  of  the  empennage,  the 
critical  aspect  of  the  XV-5A  aircraft  with  respect  to  a  flutter  analysis, 
would  be  Modes  1,  2,  3,  4,  5,  8  and  10,  symmetric.  Although  several 
of  these  modes  have  been  classified  as  predominant  wing  or  fuselage 
modes,  the  response  of  the  empennage  (horizontal  tail)  in  these  modes  is 
significant  enough  to  be  included  in  an  analysis.  Modes  5  and  8  are  the 


basic  elastic  modes  of  the  horizontal  stabilizer,  with  Mode  8  being 
coupled  pitch-torsion.  There  was  no  evidence  of  a  pure  pitch  mode 
existing,  a  fact  established  previously,  (see  Section  4.0). 

For  the  antisymmetric  case,  the  modes  of  interest  to  an  empennage 
analysis  would  be  Modes  1,  2,  3,  5,  6,  10  and  11.  The  horizontal  tail 
rigid  body  modes  of  yaw  and  roll  are  pronounced,  as  evidenced  in  the 
pictorial  views  of  Figures  21  and  22.  Horizontal  tail  pitch  no  longer 
appears,  due  to  the  symmetric  nature  of  this  mode.  Vertical  stabilizer 
torsion  is  evident  in  Mode  2,  but  is  highly  coupled  with  the  fuselage  and 
the  effects  of  the  horizontal  tail  yaw.  The  node  line  is  evidenced  by 
Figure  21,  (although  not  drawn),  runs  up  the  vertical  stabilizer  and  is 
swept  back  through  the  trailing  edge  of  the  stabilizer,  due  to  the  elastic 
effects  of  the  fuselage. 


4.0  COMPONENT  RESONANCE  TEST 


k 

k 


With  the  establishment  of  the  basic  airplane  vibration  modes,  emphasis 
was  then  placed  upon  determining  the  vibration  characteristics  of 
miscellaneous  components  of  the  aircraft  i.e.  lateral,  longitudinal  and 
directional  control  systems  (CTOL  mode),  flaps,  wing  fan  doors,  pitch 
fan  doors  and  thrust  spoiler.  Separate  resonance  testing  of  the  jig- 
mounted  horizontal  stabilizer  was  performed  to  determine  rigid  body 
modes  about  the  pivotal  joint.  The  former  test  period  extended  from 
18  November,  1963  to  25  November,  1963,  whereas  the  latter  preceded 
the  ground  vibration  testing  of  the  complete  aircraft  and  covered  the 
period  of  from  7  September,  1963  to  9  September,  1963. 

4.  1  TEST  CONFIGURATIONS 

The  test  configurations,  so  employed  in  the  component  resonance  test, 
may  be  conveniently  grouped  into  three  categories,  mainly  primary  control 
systems,  horizontal  stabilizer  and  finally  miscellaneous  components. 

4.  1.  1  Primary  Control  Systems 

In  order  to  provide  meaningful  data  for  eventual  incorporation  into  future 
analytical  flutter  analyses,  the  test  configuration  of  the  aileron,  elevator 
and  rudder  systems  were  so  arranged  to  provide  both  a  stick-free  and 
stick-fixed  system  with  the  locking  out  by  exteiaal  means  of  any  control  surf 
surface  or  tab  degree  of  freedom  as  the  case  warranted.  Since  the  primary 
objects  of  these  tests  were  systems,  and  not  airframe,  the  airplane  was 
placed  upon  its  jacks  to  provide  additional  restraints.  The  aircraft  tested 
for  this  phase  was  the  No.  1  aircraft,  S/N  505,  which  was  in  a  partial 
state  of  completion  at  the  time  of  testing.  Electrical  power  and  hydraulic 
system  power  were  supplied  by  external  means. 

4.  1.  2  Horizontal  Stabilizer 

Since  the  sole  objective  of  the  horizontal  stabilizer  test  was  to  determine 
its  rigiu  body  viluatory  characteristics,  the  test  configuration  used  was 
the  complete  stabilizer  (with  a  simulated  pivotal  joint)  from  the  No.  2 
(S/N  62-506)  aircraft  mounted  on  a  rigid  test  stand.  A  flight  pitch  actuator 
was  used  and  the  pivot  and  actuator  attach  fittings  on  the  test  stand  were 
manufactured  with  identical  tolerances  with  the  flight  hardware.  The  pitch 
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actuator,  being  a  mechanical  jackscrew,  driven  by  hydraulic  motors, 
was  preset  in  the  desired  postion  mechanically  and  thereby  no  external 
means  of  power  was  required  for  these  tests. 

4.1.3  Miscellaneous  Components 


Test  configurations  of  the  flaps,  wing  fan  doors,  pitch  fan  doors  and 
thrust  spoiler  were  the  actual  items  as  installed  on  the  aircraft,  with  the 
same  aircraft  used  as  during  the  primary  control  systems  test. 

4.  2  TEST  EQUIPMENT  AND  INSTRUMENTATION 

Excitation  of  the  aircraft  components  was  provided  by  one  or  two,  (as  the 
case  warranted)  electromagnetic  shakers  mounted  either  in  the  cockpit 
or  at  an  optimum  position  on  the  appropriate  control  or  auxiliary  device. 
Excitation  of  the  horizontal  stabilizer  was  by  means  of  two  Bhakers 
located  at  various  points  on  the  surface  to  provide  the  required  moment 
about  the  pivotal  joint,  as  shown  in  Figure  4.  These  locations  were 
designated  by  the  term,  "secondary".  Resonant  frequencies  and  modal 
surveys,  if  any,  were  established  from  the  recorded  output  (voltages)  of 
accelerometers  (Endevco)  which  were  located  at  strategic  points  on  the 
components.  Figures  7  through  9  present  the  locations  of  the  control 
surface  points  which  were  used  for  the  tests,  while  Figures  31  through 
34  present  the  locations  of  pick-up  points  on  the  flap,  wing  fan  door, 
pitch  fan  door  and  thrust  spoiler.  Horizontal  stabilizer  locations  are 
shown  in  Figures  5  and  6  with  the  appropriate  points  used  as  per  sense 
of  excitation. 

4.3  TEST  PROCEDURE 

In  general,  the  test  procedure  used  in  determining  the  component  reso¬ 
nances  was  similar  to  that  performed  on  the  basic  airplane  vibration  test. 
Initial  frequency  sweeps  were  made  of  the  particular  system  or  component 
under  investigation.  The  resonances  were  noted  from  the  resulting  response 
plot  and  visual  observation,  manually  tuning  to  these  resonances 
for  sharper  definition  and  finally,  modal  surveys  made,  if  needed  by  the 
roving  pickup  technique  with  a  pair  of  accelerometers  (Endevco),  one 
being  used  as  a  reference  and  one  as  the  roving  transducer.  Upon  com¬ 
pletion  of  the  survey,  oscillograph  records  were  taken  for  frequency  and 
damping  determination. 


4.4 


RESULTS  AND  CONCLUSIONS 


Since  the  rigid  body  modes  were  the  primary  objectives  of  this  phase  of 
testing,  no  pictorial  views  are  presented. 

The  primary  control  systems'  resonance  test  yielded  partial  results,  due 
to  difficulties  encountered  in  modal  coupling  with  the  airframe  proper. 
Additional  restraints,  other  than  aircraft  jacks,  proved  to  be  impractical. 
Therefore,  only  those  vibration  modes  which  were  felt  to  be  indicative 
of  the  control  systems  are  recorded  herein.  Table  25  presents  the 
results  of  this  phase  of  the  component  resonance  testing.  As  can  be  seen 
from  the  results,  the  aileron  system  and  elevator  system  tests 
proved  to  be  more  fruitful  than  the  rudder  system  tests.  This  ties  in 
with  the  manner  in  which  the  aircraft  is  supported  by  jacks;  the  two  on 
the  wings  plus  the  fuselage  jack  at  location  F-8  provided  the  additional 
vertical  restraint  needed  for  excitation  in  the  vertical  sense,  whereas 
excitation  in  the  horizontal  plane  as  in  the  case  of  rudder  system,  brought 
into  play  the  lateral  flexibility  of  the  fuselage  and  vertical  stabilizer. 
Isolation  of  the  aileron  flight  tab  uncoupled  rotational  mode  proved  to  be 
an  impossibility,  since  the  only  restraint  provided  for  the  aileron  itself 
was  the  hydraulic  actuator  which  provided  only  a  point  fixity. 

Determination  of  the  miscellaneous  components  was  relatively  simple  and 
the  results  of  these  tests  are  presented  in  Table  26. 

Establishment  of  the  rigid  body  modes  of  the  horizontal  stabilizer  yielded 
only  one,  or  at  the  best,  two  valid  frequencies,  that  of  yaw  and  roll. 

The  yaw  mode  was  12.  9  cycles  per  second  and  could  be  considered  repre¬ 
sentative  of  the  actual  case,  whereas  the  roll  mode  was  determined  to  be 
16.85  cycles  per  second.  Investigation  of  jig  motion  revealed  that  a 
small  percentage  of  coupling  was  apparent  between  jig  and  stabilizer. 
Comparison  of  these  modes  with  those  presented  in  Section  3.0  shows  11.9 
cycles  per  second,  yaw  versus  12.  9  cycles  per  second  and  14.  5  cycles 
per  second,  roll  versus  16.85  cycles  per  second.  Comparison  is  good 
when  considering  the  nature  of  the  test,  i.  e.  jig-mounted  horizontal  versus 
actual  aircraft  shake,  wherein  modal  coupling  is  more  pronounced,  due 
to  vertical  stabilizer  and  fuselage  effects.  In  any  event,  these  modes  were 
considered  for  inertia  correlation,  as  will  be  discussed  in  Section  5.0. 
Isolation  of  the  pitch  mode,  particular  to  the  effects  of  simulation,  was 
impossible,  due  to  coupling  with  the  elastic  modes  of  the  horizontal 
stabilizer.  The  following  modes  were  noted  for  interpretive  purposes: 


Bending  -  Pitch 

Pitch  -  Bending  -  Torsion 

Pitch  -  Torsion  -  Bending 


24 . 7  cps 
42.  1  cps 

50. 8  cps 


Examination  of  these  modes  with  those  determined  from  the  airplane 
resonance  test,  and  the  frequency  determined  from  the  static  tests 
(Section  5. 0)  verified  the  inability  of  determining  the  true  uncoupled 
pitch  mode. 


5.0  COMPONENT  STATIC  TEST 


Static  testing  of  components  of  the  XV-5A  aircraft  for  flutter  and  vibtation 
correlation  was  restricted  entirely  to  determination  of  the  effective  spring 
rates  (about  coordinate  axes)  of  the  three  degrees  of  freedom  associated 
with  the  rigid  body  motion  of  the  horizontal  stabilizer.  This  test  was  cond¬ 
ucted  jointly  with  the  resonance  testing  of  the  horizontal  stabilizer,  as 
discussed  in  Section  4.0,  and  covered  the  period  of  from  7  September,  1963 
to  9  September,  1963  and  also  17  March  1964. 

5.  1  TEST  CONFIGURATION 

The  test  configuration,  employed  for  this  phase  was  the  complete  horizon¬ 
tal  tail  from  the  No.  2  (S/N  506)  aircraft  for  the  yaw  and  roll  investigations, 
whereas  the  No.  1  (S/N  505)  horizontal  stabilizer  (less  elevators)  was 
used  for  the  pitch  tests.  Mounting  was  separate  from  the  aircraft  and 
employed  the  same  fixture  as  described  in  Section  4.0  with  the  actual 
actuator  installed. 

5.  2  TEST  EQUIPMENT  AND  INSTRUMENTATION 

In  each  phase  of  the  testing  of  the  horizontal  stabilizer,  loads  were  applied 
to  the  horizontal  stabilizer  through  a  loading  jig  that  enelosed  the  rib 
at  BL  70.  16  on  both  ends  of  the  stabilizer.  An  additional  pair  of  loading 
jigs  at  BE  16.  56  was  used  in  the  pitch  test.  A  pulley  system  was  used 
to  obtain  the  proper  load  direction,  and  20  or  25-pound  shot  bags  placed 
upon  load  pans  provided  the  applied  torque  in  the  appropriate  direction. 

Dial  gages  located  at  selected  points  on  the  surface  were  used  to  measure 
deflection.  In  addition,  small  mirrors,  reflecting  a  cross-hair  image 
from  a  light  source  onto  a  calibrated  screen,  were  used  to  measure 
change  of  slope.  Schematics  of  the  pitch,  roll  and  yaw  loading  and  in¬ 
strumentation  set-ups  are  shown  in  Figures  35  through  37,  whereas 
Figure  38  depicts  a  photo  of  the  test  set-up  for  the  pitch  phase. 

5.3  TEST  PROCEDURE 

The  test  procedure  to  determine  effective  restraints  was  simply  orientation 
of  the  loading  jig  and  dial  gages  and/or  mirrors  for  proper  axis  definition, 
with  the  load  being  applied  in  incremental  parts  with  deflection  and/or 
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slope  information  being  simultaneously  measured.  A  complete  load 
cycle  gave  data  on  both  sides  of  the  free-play  regime,  enabling  the 
spring  rates  and  free-play  to  be  determined. 

5.4  RESULTS  AND  CONCLUSIONS 

Interpretation  of  effective  spring  rates  as  obtained  from  these  series  of 
tests  was  somewhat  difficult,  since  it  was  not  known  to  what  extent  local 
back-up  structure  in  the  vertical  stabilizer  had  in  the  apparent  idealiza¬ 
tion  of  these  effective  springs.  It  was  assumed  that  for  the  roll  and 
yaw  springs,  the  pivotal  joint  (which  was  of  the  same  material  and  incor¬ 
porated  actual  pivot  bolts)  would  yield  approximate  results  valid  for 
analysis  purposes. 

The  pitch  spring  was  apparently  misleading,  since  the  effective  pitch 
spring  is,  in  essence,  composed  of  the  actuator,  pivot  fittings,  bearings, 
horizontal  stabilizer  local  back-up  structure  and  also  local  back-up 
structure  of  the  vertical  stabilizer  which  was  not  simulated.  Therefore, 
determination  of  this  spring  rate  had  to  be  approached  with  caution. 

5.4.1  Pitch  Spring 

The  deflection  and  load  data  taken  at  the  locations  shown  in  Figure  35 
were  reduced  and  plotted  as  angular  rotation  versus  applied  pitching 
moment  as  shown  in  Figure  39.  These  data  were  reduced  by  treating 
the  root  ribs  as  an  overhanging  box  beam  simply  supported  at  the 
actuator  -  front  spar  intersection  and  horizontal  stabilizer  pivot.  De¬ 
flection  data  for  each  increment  of  load  taken  at  dial  gages  1  and  2  were 
averaged,  and  combined  with  the  average  data  from  gages  3  and  4  to 
describe  the  rotation  of  a  plane  representative  of  the  elastically  -  unde¬ 
formed  horizontal  stabilizer.  Then,  computing  the  angular  rotation  of  the 
support  jig  for  each  increment  of  load  from  the  deflection  data  of  gages 
7  through  11,  and  subtracting,  the  net  angular  rotation  in  pitch  versus 
applied  load  was  obtained. 

Figure  39  shows  that  the  spring  rate  is  non-linear  anr.  increases  with 
applied  load.  This  result  is  reasonable,  since  the  system  has  a  number 
of  bearing  contacts  where  total  bearing  area  increases  with  load. 

The  minimum  pitch  spring  rate  and  the  minimum  average  pitch  spring 
rate  determined  from  the  slope  of  the  curves  between  the  first  two  data 
points  on  both  sides  of  the  free-play  region  are: 

Minimum  Pitch  Spring  Rate  =  9.  5  x  10®  in-lb.  /rad. 

Minimum  Average  Pitch  Spring  Rate  —  11.4  x  10®  in-lb. /rad. 
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The  experimental  pitch  spring  rate  used  in  conjunction  with  calculated 
effects  of  vertical  stabilizer  was  10.33  x  106  in-lb. /rad.  ,  with  a 
resulting  effective  pitch  spring  rate  of  6.09  x  10^  in-lb. /rad. 

Approximately  2, 000  inch  -  pounds  of  moment  (leading  edge  down)  was 
required  to  balance  the  stabilizer  in  the  loading  jig.  The  free  play  was 
determined  from  Figure  39  at  this  load  level  to  be  as  follows: 

Pitch  Free  Play  =  0.0011  radians 

Inability  to  shake  out  a  rigid  body  pitch  mode  resulted  in  using  experi¬ 
mental  inertia  properties  in  an  attempt  to  arrive  at  a  value  for  use  in 
flutter  analysis  correlation.  Swinging  of  the  horizontal  tail  gave  the 
following  results  as  compared  to  the  calculated  value: 

I  .  .  =  43,085  lb.  -  in2  Experimental 

Pivot 

I  ;  .  =  34,440  lb.  -  in.  2  Calculated 

Pivot 

Thus,  it  can  be  seen  that  the  calculated  value  had  been  underestimated  by 
a  factor  of  1.  25. 

0 

Using  the  minimum  projected  spring  rate  of  6.09  x  10  in-lb.  /rad.  in 
conjunction  with  the  experimental  inertia  value,  the  estimated  value  of 
the  uncoupled  pitch  frequency  was  determined  to  be: 

f  =  37.  2  cycles/second 

5.4.2  Roll  Spring 

The  mirror  and  load  data  taken  at  the  locations  shown  in  Figure  36  were 
reduced  and  plotted  as  angular  rotation  versus  applied  rolling  moment  as 
shown  in  Figure  40.  The  angular  values  in  the  plot  were  determined  by 
averaging  the  net  roll  angle  experienced  at  mirror  locations  1  and  2 
obtained  by  subtracting  from  each  the  angular  rotation  at  mirror  location 
3.  An  average  of  the  slope  of  the  two  straight  line  least  square  fits  of  the 
data  for  each  load  direction  was  considered  to  be  the  roll  spring  rate,  and 
the  horizontal  distance  between  their  zero  load  intercepts  was  considered  the 
the  roll  free-play.  These  values  are  as  follows: 

Average  Roll  Rotational  Spring  Ratio  =  11.3  x  106  in.  -  lb. /rad. 

Roll  Rotational  Free-Play  =  0.00032  radians 
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The  difficulty  inherent  in  the  geometry  of  the  horizontal  stabilizer  pivot 
fitting  support,  wherein  the  applied  rolling  moment  must  be  reacted  by 
a  couple  with  only  a  6.06  inch  moment  -  arm,  created  an  inpractical  test 
situation.  The  roll  spring  is  composed  of  the  elasticity  present  in  the 
pivot  fitting,  bearings  and  local  back-up  structure.  Any  method  of 
loading  this  system  must  produce  elastic  deformation  of  the  stabilizer 
surface  proper.  Therefore,  the  measurements  of  slope  during  the  test 
included  any  beam  deformation  of  the  horizontal  stabilizer.  In  deriving 
the  roll  spring  rate  from  the  test  data,  it  was  assumed  that  the  change 
in  slope  of  the  elastic  curve  due  to  deformation  of  the  stabilizer  as  a 
beam  in  the  support  area  was  small,  compared  to  the  change  of  slope  due 
to  rigid  body  roll. 

Comparision  of  roll  inertias  (about  BL  O  and  WL  201.75)  both  calculated 
from  weights  information  and  also  from  static  and  frequency  measurements 
yielded  the  following: 


=  389, 544  lb. 

Roll 

-  in.  2 

Experimental 

„  =  166. 541  lb. 

Roll 

-in.2 

Calculated 

From  the  above,  it  can  be  seen  that  the  calculated  value  had  been  under¬ 
estimated  by  a  factor  of  2.34.  However,  closer  examination  of  the 
spring  rate  determination  indicated  movement  of  the  support  jig  which 
also  may  have  been  involved  in  the  vibration  mode.  Consequently,  the 
factor  of  2.34  may  be  somewhat  larger  than  it  should  be,  if  jig  motion 
was  non-existent  during  resonance.  The  test  essentially  indicates  an 
uncoupled  roll  frequency  of  the  order  of  16  cps  and  also  that  calculated 
inertia  values  are  low.  Examination  of  deflection  data  taken  during  the 
vibration  test  indicated  some  small  deflection,  both  in  the  lateral  and 
vertical  sense  of  the  pivot  assembly  and  mounting  jig,  thereby  warranting 
the  above  conclusion. 

5.4.3  Yaw  Spring 

The  mirror  and  load  data  taken  at  the  locations  shown  in  Figure  37  were 
reduced  and  plotted  as  angular  rotation  versus  yawing  moment  as  shown 
in  Figure  41.  The  angular  values  in  the  plot  were  obtained  by  subtracting 
the  rotation  at  mirror  2  from  the  rotation  at  mirror  1  for  each  loading 
increment.  An  average  slope  of  the  straight  line  least  square  fits  of  the 
data  for  each  loading  direction  established  the  spring  rate,  and  the  horiz¬ 
ontal  distance  between  their  zero  load  intercepts  represented  the  free- 
play.  These  values  are  as  follows: 

Average  Yaw  Rotational  Spring  Rate  =  3.  11  x  10^  in.  -lb  /rad. 

Yaw  Rotational  Free- Play  0.00033  radians 
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Comparison  of  yaw  inertias  (about  vertical  axis  through  pivot),  calcu¬ 
lated  from  weights  information  and  also  from  the  static  and  frequency 
measurements  yielded  the  following: 

I  =  182,919  lb.  -  in.  2  Experimental 

Yaw  F 

I  =  194,434  lb.  -  in.  2  Calculated 

Yaw 

From  the  above,  it  can  be  seen  that  the  calculated  value  had  been  over¬ 
estimated  by  a  factor  of  0.94.  Examination  of  the  deflection  measurements 
taken  during  the  shake  test  indicates  negligible  movement  of  the  base 
(jig)  and  therefore  correlation  between  the  inertias  as  shown  above  is 
considered  excellent. 
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TABLE  1 


TEST  EQUIPMENT  AND  INSTRUMENTATION 


Exciter  System 


1.  Calidyne  Model  3810  exciter  system  utilizing  eight  (8)  Calidyne  Model 
D-88  excitors  rated  at  100  pound  vector  force. 

2.  MB  Model  PT  112537  exciter  system  utilizing  two  (2)  MB  Model  C-l-H 
excitors  rated  at  50  pound  vector  force. 

3.  Hewlett-Packard  sweep  oscillator  Model  202A. 

4.  Hewlett-Packard  frequency  counter  Model  522. 

5.  Ryan  manufactured  strain  gaged  force  rings  in  conjunction  with  a  CEC 
Model  1-113  carrier  amplifier. 

6.  Bruel  ar.d  Kjaer  vacuum  tube  Model  2409  voltmeters. 

7.  Dumont  dual  beam  Model  304  oscilloscopes. 

Instrumentation 


1.  Endevco  Model  2213  crystal-type  accelerometers  used  in  conjunction 
with  Endevco  Model  2607  amplifiers. 

2.  Statham  Model  F- 10-350  strain-gage  accelerometers  used  in  conjunction 
with  Consolidated  Electrodynamics  System  "D"  amplifier/ power  supply. 

3.  Minneapolis-Honeywell  12-channel  Model  906  oscillograph. 

4.  Minneapolis-Honeywell  24-channel  Model  1508  oscillograph. 

5.  X-Y  plotters. 

6.  Dumont  dual  beam  Model  304  oscilloscopes. 

7.  Bruel  and  Kjaer  vacuum  tube  Model  2409  voltmeter. 

8.  Khron-Hite  variable  band-pass  Model  330M  filters. 
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TABLE  2  (Continued) 


SHAKER  AND  SELECTED  ACCELEROMETER  COMBINATIONS 
Airplane  Resonance  Sweeps 


Shaker  Configuration 

Plotter  Configuration 

Aircraft 

Component 

Sweep 

Configuration 

Shaker  Locations 

Phase 

Symmetry 

Plotter 

Component 

1 

Wing 

2 

Fuselage 

2 

V.  T. 

3 

II.  T. 

Horizontal 

Vertical 

p 

P-6 

4- 

P-7 

A/S 

Pickup 

Locution 

LW-1 

- 

V-10 

I. II-  1 

Tail 

Y 

P-8 

A/S 

LW-I 

— 

V-  10 

LH-1 

Z 

P-9 

A/S 

LW-1 

- 

V-ll 

LH-1 

A-A 

P-8 

P-9 

A/S 

LW-1 

- 

V-ll 

LH-1 

B-U 

P-8 

4 

P-9 

A/S 

LW-1 

V-ll 

LH-1 
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TABLE  3 


RESULTS  OF  AIRPLANE  RESONANCE  TEST 
Symmetric 


Mode 

Frequency 

cps 

g 

Table 

No. 

Figure 

No. 

Predominant 

Modal  Characteristic 

1 

11.  2 

0.040 

4.0 

10.0 

Wing  Bending 

2 

14.  1 

0.044 

5.0 

11.0 

1st  Fuselage  Bending 

3 

21.4 

0.  106 

6.  0 

12.0 

2nd  Fuselage  Bending 

4 

29.  4 

0.  124 

7.  0 

13.0 

Wing  and  Fan  Mode 

5 

31.  3 

0.031 

8.  0 

14.0 

Horizontal  Stabilizer  Bending 

6 

36.  3 

0.  037 

9.  0 

15.0 

Aileron  Rotation 

7 

44.  7 

0.068 

10.  0 

16.0 

Wing  Torsion 

8 

55.  9 

0.033 

11.0 

17.  0 

Horizontal  Stabilizer  Pitch  &  Torsion 

9 

67.  8 

0.031 

12.0 

18.0 

Higher  Wing  Mode 

10 

90.  3 

0.031 

13.0 

19.0 

Higher  Horizontal  Stabilizer  Mode 

Anti-Symmetric 


Mode 

Frequency 

cps 

g 

Table 

No. 

Figure 

No. 

Predominant 

Modal  Characteristic 

1 

8.  8 

0.030 

14.  0 

20.0 

Vertical  Stabilizer  Bending 

2 

11.9 

0.045 

15.  0 

21.0 

Horizontal  Stabilizer  Yaw  - 

Vertical  Stabilizer  Torsion 

3 

14.  5 

0.023 

16.  0 

22.0 

Horizontal  Stabilizer  Roll  - 
1st  Fuselage  Bending 

4 

18.  5 

0.046 

17.  0 

23.0 

Wing  Bending 

5 

23.0 

0.019 

18.0 

24.0 

2nd  Fuselage  Bending 

6 

25.  3 

0.046 

19.  0 

25.0 

Fuselage  Torsion 

7 

34.8 

0.040 

20.  0 

26.0 

Fuselage  Torsion  (Forebody) 

8 

36.  8 

0.058 

21.0 

27.0 

Aileron  Rotation 

9 

44.  6 

0.063 

22.0 

28.0 

i 

Wing  Torsion 

10 

50.  6 

0.033 

23.0 

29.0 

Rudder  Bending  - 
Fuselage  Torsion 

11 

72.  9 

0.025 

24.0 

30.0 

Horizontal  Stabilizer  Torsion 

SYMMETRIC  MODE  SHAPE 
MODE  1 

f  =  11.2  cps  g  =  0.040 
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SYMMETRIC  MODE  SHAPE 
MODE  2 

f  =  14. 1  cps  g=  0.044 
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SYMMETRIC  MODE  SHAPE 
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SYMMETRIC  MODE  SHAPE 
MODE  5 

f  =  31.3  cps  g=  0.031 
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SYMMETRIC  MODE  SHAPE 
MODE  7 

f  =  44.  7eps  g  =  0.068 
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ETRIC  MODE  SHAPE 
MODE  8 

55.9  cpe  g  =  0.033 
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METRIC  MODE  SHAPE 
MODE  10 

=  90.3  cps  g  =  0. 031 
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ANTISYMMETRIC  MODE  SHAPE 
MODE  1 

f  =  8.  8  cps  g  *  0.030 
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*  Left  Wln(  Down 


ANTISYMMETRIC  MODE  SHAPE 
MODE  2 

f  =  11.9  cps  g  *  0.045 
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•  Left  Wing  Down 


ANTISYMMETRIC  MODE  SHAPE 
MODE  3 

f  =  14 .  5  cps  g*  0.023 
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Left  Wln<  Down 


ANTISYMMETRIC  MODE  SHAPE 
MODE  4 

f  =  18.  5  cps  g  -  0. 046 
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ANTISYMMETRIC  MODE  SHAPE 
MODE  5 

f  =  23.0  cps  g  =  0.019 
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Left  Wing  Down 


ANTISYMMETRIC  MODE  SHAPE 
MODE  6 

f  -  25. 3  cps  g  *  0.046 
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Left  Wing  Down 


ANTISYMMETRIC  MODE  SHAPE 
MODE  7 

f  =  34. 8  cps  g  =  0.040 
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Left  Wing  Down 


ANTISYMMETRIC  MODE  SHAPE 
MODE  8 

f  =  36. 8  cps  g  =  0.058 
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•  Left  Wing  Down 
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•  Left  Wing  Down 


TABLE  25 


PRIMARY  CONTROL  SYSTEMS  RESONANCES 
CTOL  MODE 


Component 

Degrees  of  Freedom 

Sense 

of  Fxc Ration 

Location 

of  Fxc  Ration 

F  requeue y 

CpN 

Dumping 

(K) 

Remarks 

Aileron  System 

Aileron  Rotation 

Flight  Tub  Rotation 

Stick  Rotation 

Antisymmetric 

Stick  (A-CP) 

48.  f> 

92.  3 

- 

Inconclusive 

Single  Hydraulic  System 

Aileron  Rotation 

F light  Tab  Rotution 

Antisymmetric 

Aileron  (I«A-12) 
(HA- 12) 

42.  1 

Aileron  Rotation 

Flight  Tub  Rotation 

Symmetric 

Aileron  (LA- 12) 
(RA-12) 

43.  r» 

79.  1 

A  lie  *  on  Rotation 

Antisymmetric 

Aileron  (LA  -  12) 
(HA -12) 

42.  »• 

j 

Aileron  Rotation 

Antisymmetric 

Aileron  (LA -12) 
(RA-12) 

40.  fi* 

- 

Aileron  Rotution 

Symmetric 

Aileron  (LA-  12) 
(llA-12) 

42  9* 

- 

Aileron  Rotation 

Sym  metric 

A  Heron  (LA  -  12) 
(RA-12) 

40.  2* 

- 

Single  Hydraulic  System 

Inconclusive 

Inconclusive 

Flight  Tab  Rotation 

Antisymmetric 

Tub  (I.AT-4) 

(IIAT-4) 

- 

'Flight  I'ali  Rotation 

Symmetric 

Tub  (LAT-4) 

(RAT-4) 

- 

- 

Flevator  SyBtem 

Horizontal  'Fail  Rotation 

Flevator  Rotation 

Stick  Rotation 

Symmetric 

Stick  (F  -  CP) 

IH.3 

: 

Inconclus  1  ve 

Horizontal  Tull  Rotution 

Klevutor  Rotution 

Symmetric 

i 

Flevator  (LF-  10 
(RF-  10 

24.  \ 

Inconclusive 

Flevator  Rotation 

Antisymmetric 

Klevutor  (LF -  10 
(HI  10 

Inconclusive 

It  udder  Syntem 

Rudder  Rotution 

Trim  Tub  Rotation 

Pedal  Rotution 

Rudder  Rotation 

Trim  rail  Rotution 

' 

Pedal  (R-CP) 

17.0 

_ 

Inconclusive 

Inconclusive 

Inconclusive 

- 

Riskier  .It -9) 

_ 

•Average  of  Left  a 

Rudder  Rotution 

- 

Rudder  (It- 11) 

7.3 

- 

Inconclusive 

Trim  Tub  Rotution 

nd  Right  Ailerons 

Tab  (RT-3) 
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Figure  1  General  Arrangement  -  XV-5A 
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Figure  2  Airplane  in  Teat  Position  Undergoing  Final  Test  Preparation 
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Figure  3  Details  of  Airplane  Suspension  System 
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Figure  8.  Control  Surface  Pickup  Locations  -  Elevator 
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Figure  9  Control  Surface  Pickup  Locations  -  Rudder  and  Rudder  Tab 
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Figure  10  XV-5A  Mode  Shape  -  Mode  No, 
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Figure  11  XV-5A  Mode  Shape  -  Mode  No, 
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Figure  12  XV- 5 A  Mode  Shape  -  Mode  No. 
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Figure  13  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  14  XV-5A  Mode  Shape  -  Mode  No, 
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Figure  15  XV-5A  Mode  Shape  -  Mode  No, 


Figure  16  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  17  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  18  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  19  XV-5A  Mode  Shape  -  Mode  No.  10 
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Figure  20  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  21  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  22  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  23  XV-5A  Mode  Shape  -  Mode  No. 


73 


Figure  24  XV-5A  Mode  Shape  -  Mode  No. 


Figure  26  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  27  XV-oA  Mode  Shape  -  Mode  No. 


Figure  28  XV-5A  Mode  Shape  -  Mode  No. 
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Figure  29  XV-5A  Mode  Shape  -  Mode  No.  10 
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Figure  30  XV-5A  Mode  Shape  -  Mode  No.  11 
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Figure  31  Miscellaneous  Component  Pickup  Locations  -  Flap 


Figure  32  Miscellaneous  Component  Pickup  Locations  -  Wing  Fan  Door 


0  ROVING  PICKUP 


Figure  33  Miscellanous  Component  Pickup  Locations  -  Nose  Fan  Door 


Figure  34  Miscellaneous  Component  Pickup  Locations  -  Thrust  Spoiler 
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Figure  35.  Horizontal  Stabilizer  Pitch  Spring  -  Load  and  Instrumentation  Schematic 
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Figure  37.  Horizontal  Stabilizer  Yaw  Spring  -  Load  and  Instrumentation  Schematic 
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Figure  38.  Test  Setup  -  Horizontal  Stabilizer  Pitch  Restraint 


Figure  39.  Horizontal  Stabilizer  -  Pitch  Free  Play  and  Rotational  Restraint 
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Figure  40.  Horizontal  Stabilizer  -  Roll  Free  Play  and  Rotational  Restraint 


Figure  41.  Horizontal  Stabilizer  -  Yaw  Free  Play  and  Rotational  Restraint 
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Figure  42  XV-5A  Mode  Shape  -  Mode  No.  5A 
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Figure  43  XV-5A  Mode  Shape  -  Mode  No.  8A 


93 


Figure  44  XV-5A  Mode  Shape  -  Mode  No.  10A 
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Figure  45  XV-5A  Mode  Shape  -  Mode  No.  11A 
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Figure  46  XV-5A  Mode  Shape  -  Mode  No.  12A 
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ADDENDUM  A 


INTRODUCTION 

Flutter  considerations  of  the  horizontal  tail  necessitated  a  reworking  of  the 
horizontal  and  vertical  stabilizers  to  achieve  a  higher  pitch  frequency. 
Reference  3  presents  the  results  of  the  preliminary  flutter  analysis  of  the 
empennage.  These  studies  have  shown  that  to  meet  the  15%  flutter  margin 
on  the  aircraft  envelope,  a  uncoupled  pitch  frequency  of  approximately 
55  cycles  per  second  was  required.  The  basic  ground  test  of  the  airplane 
had  shown  this  mode  to  be  approximately  37  cycles  per  second,  which  was 
deduced  from  a  combination  of  experimental  and  analytical  results  as 
discussed  in  Section  5.0.  Accordingly,  to  check  the  results  of  the  increased 
stiffness,  a  vibration  test  was  conducted  on  the  No.  1  aircraft  (S/N  62-505) 
at  EAFB  during  the  period  of  1  October,  1964  to  8  October,  1964.  Emphasis 
was  placed  upon  empennage  characteristics  with  general  checking  of  other 
modes  in  which  doubtful  areas  existed. 

TEST  CONFIGURATION  AND  INSTRUMENTATION 

The  aircraft  configuration  utilized  for  this  test  consisted  of  the  complete 
aircraft  (No.  1,  S/N  62-4505),  fueled  for  a  gross  wieght  condition  of 
approximately  9700  pounds  with  a  c.  g.  location  at  F.  S.  243.85.  The 
aircraft  was  aligned  in  a  level  flight  attitude  simulating  the  CTOL  mode, 
with  all  controls  locked  in  neutral  by  means  of  the  appropriate  cockpit 
control.  Wing  and  pitch  fans  were  blocked  to  their  stator  blades  by 
means  of  shock  chord.  To  provide  a  soft  mount  the  aircraft  tires  were 
reflated  to  125  psig  for  the  main  gear  and  to  90  psig  for  the  nose  gear. 

The  nose  gear  shock  strut  was  filled  with  hydraulic  fluid  with  locking 
bars  intailed  to  eliminate  the  damping  action  of  the  strut. 

Shaker  equipment  consisted  of  two  (2)  MB  Model  PT  112537  exciters  with 
associated  equipment.  Recording  instrumentation  was  similar  to  that  used 
during  the  initial  ground  vibration  test,  except  that  one  accelerometer 
(Endevco  Model  2213)  was  used  for  modal  surveys  with  one  accelerometer 
used  as  a  fixed  reference. 

TEST  PROCEDURE 

In  general,  the  test  procedure  followed  that  of  the  first  ground  vibration 
test.  Initial  frequency  sweeps  of  the  empennage  were  made  utilizing  the 
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two  shakers  at  positions  noted  in  Figure  4.  Resonances  were  noted  from 
the  resulting  response  plots  and  modal  surveys  of  the  aircraft  were  made 
utilizing  pickup  locations  as  noted  in  Figures  5  through  9  upon  establish¬ 
ment  of  the  mode.  Final  oscillograph  records  were  taken  of  the  fixed 
instrumentation  at  the  conclusion  of  the  survey  for  frequency  and  damping 
values. 


RESULTS  AND  CONCLUSIONS 

Excitation  of  the  aircraft  by  hand  produced  the  following  rigid  body  air¬ 
craft  modes: 


Pitch 

Vertical  Translation 

Yaw 

Roll 

Side  Translation 


2.  07  cps 

3.  70  cps 
1.  07  cps 
1. 54  cps 
1.  40  cps 


From  these  results,  it  was  concluded  that  aircraft  suspension  frequencies 
were  adequate  in  view  of  the  elastic  modes  determined  from  the  first 
aircraft  shake  test. 


Since  stiffening  of  the  horizontal  tail  pitch  restraint  is  directly  tied  to 
symmetric  vibration  modes  of  the  hoiizontal  tail,  initial  emphasis  was 
to  find  the  equivalent  modes  as  measured  during  the  initial  ground  vibra¬ 
tion  test.  The  tail  modes  were  numbered  Modes  5,  8  and  10.  (See  Table 
3)  and  were  found  to  be  primarily  horizontal  tail  bending,  horizontal  tail 
pitch-torsion  and  a  higher  tail  mode  of  primarily  bending.  The  results 
of  the  second  test  showed  the  following  in  comparison  to  the  original 
modes: 


t 


Mode  5 
Mode  8 
Mode  10 


1st  TEST 

f  B 
eps 

31.3  0.031 
55. y  0.033 

90.3  0.031 


2nd  TEST 
f  B 

cps 

33.2  0.100 
03.0  0.082 

98.3  0.058 


These  modes  are  shown  in  Figures  14,  17  and  19  and  are  tabulated  in 
Tables  8,  11  and  13  for  the  first  test,  whereas  the  results  of  the  second 
test  are  shown  in  Tables  27,  28  and  29,  with  pictorial  views  shown  in 
Figures  42,  43  and  44.  Comparison  of  the  modes  show  that  although  mode 
shapes  are  similar,  frequencies  have  increased  due  to  the  stiffening. 
Neglecting  differences  between  the  two  airplanes  which  might  explain  the 
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fifth  mode  frequencies,  it  was  concluded  that  the  second  set  of  modes  do 
actually  represent  the  stiffening  effect.  As  previously,  a  true  uncoupled 
pitch  mode  was  not  readily  determined.  In  order  to  determine  the  un¬ 
coupled  pitch  mode  frequency ,  calculations  were  performed,  on  a  modal 
coupling  basis  and  correlated  to  the  experimental  results.  These  results 
indicate  that  an  uncoupled  pitch  frequency  of  47  cycles  per  second  in  turn 
coupled  with  a  first  bending  mode  (calculated)  of  40.  5  cycles  per  second 
and  a  first  torsional  mode  (calculated)  of  81.6  cycles  per  second,  yielded 
as  the  first  and  second  coupled  frequencies  33+  and  63  +  cycles  per  second 
respectively,  which  is  in  good  agreement  with  the  experimental  results. 

The  third  coupled  mode  (calculated)  yielded  approximately  127+  cycles 
per  second,  whereas  the  third  experimental  proved  to  be  98.3  cycles  per 
second.  This  was  felt  to  be  insignificant  in  that  the  flutter  mode  of  con¬ 
cern  was  the  pitch-torsion  mode.  The  technique  of  modal  coupling 
yields  progressively  poorer  results  for  the  higher  modes. 

The  antisymmetric  vibration  test  showed  that  the  stiffening  also  played 
a  part  in  changing  the  torsional  characteristics  of  the  horizontal  stabilizer. 
The  initial  mode  indicated  a  frequency  of  72.9  cycles  per  second  (shown 
in  Figure  30  and  Table  24)  whereas  the  stiffening  raised  this  to  80.3  cycles 
per  second.  The  latter  mode  is  tabulated  in  Table  30  and  a  pictorial  view 
is  shown  in  Figure  45. 

Figure  46  depicts  a  higher  antisymmetric  bending  mode  of  89.8  cps 
per  second  with  the  mode  shape  tabulated  in  Table  31.  This  mode  had 
been  noted  at  approximately  77  cycles  per  second  in  the  initial  test,  but 
had  not  been  surveyed  due  to  the  relative  unimportance  of  the  mode. 

Comparison  of  several  modes  taken  during  this  second  ground  test  with 
those  obtained  during  the  first  ground  test  indicated  no  appreciable  change 
due  to  suspension  system  restraints  i.e.  effects  of  spring-mounted  plat¬ 
forms  versus  deflated  gear.  Difference  in  airplanes,  that  is  in  stiffness 
and/or  weight  were  neglected  in  evaluating  this  effect. 
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SYMMETRIC  MODE  SHAPE 
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